Introduction
An ageing population warrants the development of effective preventive interventions to support autonomy and well-being of older people. Preventive home visits have been developed with the aim of improving and maintaining the health and functioning of older people [1] . From the societal perspective they are also intended to reduce hospital and nursing home admissions and to lower the associated health care costs [2, 3] . Over the past two decades, there has been an increasing interest in developing preventive home visit programs. A large number of studies have been conducted, especially in Europe, North America, and Japan, and several systematic reviews on these programs have explored their efficacy [1] [2] [3] [4] [5] [6] . The findings have varied across national systems and settings [7] .
The effects of the home visiting programs remain controversial [6, 8] . Some studies have shown improvements in well-being and slower decline in functioning among those receiving home visit intervention compared with their controls [1] but some have suggested no effects of preventive home visits [6] . Whereas the earlier systematic reviews showed positive effects on functioning [4, 5] , admissions to institutional care [2, 3, 5] , and mortality [1, 2, 5] , the later reviews suggest less favorable effects [6, 8] . There is a heterogeneity in the interventions which have often been poorly described [6] . In addition, the methodological quality of the trials has varied [3, 8] . Furthermore, these reviews have been inconsistent in how they have included previous randomized, controlled trials.
Several trials have also focused on the effects of preventive home visits on the use of services [1, 6, 8] . To our knowledge, only two reviews have investigated cost-effectiveness of preventive home visits. One of them was limited to studies that were undertaken in Great Britain [9] . The other one focused only on fall prevention studies [10] .
The aim of this systematic review is to examine the effects of home visiting programs on older people's (aged 65+) use and costs of health and social services. We included all randomized, controlled trials comparing the differences in the use of hospitals, social, and health care services, as well as nursing home admissions between the participants receiving intervention compared to their controls. From these studies, we also retrieved other outcomes such as functioning, quality-of-life (QOL), and mortality to assess what can be achieved with the input of money invested in home visits.
Methods

Search strategy
PubMed, Ovid Medline, Cochrane Database, DARE, and Cinahl were systematically searched for randomized controlled trials (RCTs) using terms related to home visits for older people and economic analysis. We used the following terms: [ We included RCTs examining the effects of the preventive home visiting programs on community-dwelling older people's (aged 65+) use and/or costs of health care and social services. We included both those studies that had an economic analysis performed on the data and the studies that had reported data on differences in hospital days and/or nursing home admissions or use of various health and social services.
Preventive home visits are defined as visits to communitydwelling older people, which aim for multidimensional medical, functional, psychosocial, and/or environmental evaluation of their problems and resources [3] [4] [5] 8] . Based on the definition of preventive home visits, studies that evaluated follow-up home visits directly related to recent hospital discharge, as well as studies in which the intervention was exclusively targeted to fall prevention or cognitive-function, were excluded. Since we focused on older people, many of whom suffer from multiple health problems, studies, which were targeted at people with one specific disease or diagnosis were excluded.
Methodological quality
Two reviewers (H.L. and P.L.) independently evaluated the included studies according to ten criteria of methodological quality. Disagreements were taken to third reviewer (K.P.) and discussed between the reviewers until a consensus was reached. We used a modified rating system for evaluation. In this rating system, we applied the criteria for randomized intervention trials used by Cochrane and collaborators [11] and Joanna Briggs Institute MAStARI critical appraisal tool [12] . In addition, we included the criteria developed by the Evidence-Based Medicine Working Group [13, 14] . The criteria are described in Table 1 . Each criterion was considered to be worth 1 point. Each item was scored '+' if the criterion was fulfilled, 'À' if the criterion was not fulfilled, Table 1 Evaluation of the quality criteria fulfillment in randomized controlled trials (RCT) examining the effects of preventive home visits on older people's use and costs of health care services.
Study
(1) 'AE' if the criterion was partly fulfilled, and '?' if no information was provided or was unclear. The quality of the trial was considered high when a study scored 8-10 points. Scores of 5-7 indicated moderate quality and < 5 poor quality.
No meta-analysis could be completed due to the variability in outcome measures, and heterogeneity in calculations of costs and use of services.
Results
Identification and Selection of studies
We found altogether 19 studies, which had examined the effects of the preventive home visiting programs on older people's use and costs of health and social services. Of these, 16 were found directly in the database searches [7, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] and three additional articles [30] [31] [32] were found from earlier systematic reviews (Fig. 1). 
Study characteristics
The quality of the studies (Table 1) varied: 10 were rated as good quality [7, 17, 18, 20, 21, 23, 24, [27] [28] [29] , five as moderate [15, 19, 26, 31, 32] , and four as poor [16, 22, 25, 30] . The most common deficiencies in the studies were that randomization methods were not adequately described or valid, dropouts were not described or taken into account in the analysis, and/or intention to treat analysis was not applied or adequately described. Many studies also lacked a description of whether or not the group assignment had been blinded when assessing the outcomes.
The characteristics of the 19 studies are presented in Table  2 . The included studies consisted of a total of 11,044 participants (range 142 to 1620). Of the studies, eight were performed on frail subjects or individuals at risk for functional decline [7, 21, 23, 24, 28, 29, 31, 32] . However, many of the studies provide fairly little information on the participants' functional or cognitive status [7, 15, 16, 22, 26, 27, 30, 31] . Of the studies providing information, most have focused on fairly independent older people [18] [19] [20] [23] [24] [25] 28, 32] . Most of the studies had been performed on subjects 70 [15, 20, 21, 25, 28, 29, 31] or 75 [17] [18] [19] [22] [23] [24] 30, 32] years old or older. Only three studies focused on younger subjects (65+) [7, 16, 26] , and one on the oldest-olds (80+) [27] .
All studies reported the profession and/or training of the person or persons performing the intervention. A nurse performed the home visits in the majority of studies [15, [17] [18] [19] [20] [21] 23, 24, 26, [29] [30] [31] [32] , and a care manager/nurse carried out the intervention in two studies [7, 22] . In four trials, the nurse had special gerontologic or geriatric training [18, 19, 21, 31] , and in two studies, the nurse had some other special training for carrying out the intervention [20, 32] . In two trials, a team of professionals delivered the intervention [27, 28] . In the remaining two studies, the intervention was performed by a health visitor [16] or a trained medical student [25] . Of all the studies included, 11 out of 19 had an intervention program tailored to the study subjects [15] [16] [17] [18] 20, 23, 24, 26, 28, 31, 32] .
The 15 studies reporting the participants' use of services prior to the intervention showed no baseline differences in these variables between the intervention and control arms. Of the included studies, four failed to provide any data on the health status or functional state of their subjects at the baseline [15, 16, 22, 30] . Only two reported baseline differences between the groups regarding health or functional status [25, 29] . Table 3 shows an overview on the reported outcomes of the studies. Of the included studies, 12 evaluated the effects of preventive home visits on the total costs of the use of a variety of services [7, [17] [18] [19] [20] [21] [22] [23] [26] [27] [28] [29] . However, even in these studies, there was a heterogeneity in how and which services were included in cost calculations. None of the studies showed significantly increased or decreased costs of health and/or social services in the intervention groups compared with the control groups. The others reported only the use of services without costs [16, 30] , or some portion of the services [15, 24, 25, 31, 32] .
Outcomes
Overall, six studies showed decreased use of some health or social services in the intervention arms compared with their controls [17, 18, 21, 22, 25, 30] . These studies suggested that the preventive home visits may have positive effects on some of the health care costs by decreasing the nursing home admissions [18, 21, 22, 25] , hospitalizations [17, 21, 30] , or length of hospital stays [30] . However, some studies reported simultaneously increased use of social services [21, 27, 28, 30] or visits to general practitioners [16, 19, 29] in the groups receiving the preventive home visits. Of the studies with decreased costs and/or use of home nr I/C: number of participants in intervention/control groups; n: number of participants; y: years of age; I: intervention group; C: control group; SRH: self-rated health; GP: general practitioner; ADL: activities of daily living; IADL: instrumental activities of daily living; QOL: quality-of-life; QALY: quality-adjusted life year; HRA: health risk assessment; RAI-HC: the resident assessment instrument for home care; LTCI: long-term care insurance system; CHS: The Core Humanitarian Standard; GFI: Groningen Frailty Index (range 0-15; higher score indicates more severe frailty). COOP-WONCA charts: overall health, physical fitness, changes in health, daily activities, mental health, social activities (scoring range 1 = excellent to 5 = very bad). Risk factors in Sherbrooke Postal Questionnaire: five items including living situation, medications, mobility, sensory deficits and memory problems (positive answer to two or more indicates a risk).
care services, one reported significant reduction of home care costs for the intervention group compared with their controls [22] , whereas one reported higher home care costs [21] .
Cost-effectiveness
Eleven studies showed some favorable effect on physical functioning [7, 18, 19, 22, 28] , QOL [16, 21, 22] or mortality [16, 22, 25, 26, 30] , of which seven also reported costs [7, 18, 19, 21, 22, 26, 28] . Thus, these seven studies suggested that favorable effects were produced cost-neutrally.
Some studies reported cost-effectiveness by means of calculating the costs per gains achieved by intervention [18, 19, 21, 22, 28] . Stuck et al. reported costs of preventive home visits being $6000 for each gained disability-free year and $35 for each prevented day of permanent stay in a nursing home [18] . In their later study, the average yearly health care costs were higher in the intervention group at the beginning of the follow-up, but during the third follow-up year, the prevention of nursing home admissions resulted in substantial savings that offset the total costs [19] . Melis et al. suggested that the treatment was cost-effective with a willingness to pay 34,000s per ''a successfully treated patient'' (patients gained improvement in well-being without a decline in functional performance) [21] . Sahlen et al. found preventive home visits to be cost-effective with willingness to pay about 14,000s per gained quality-adjusted life year [22] . Fairhall et al. reported the costs being $15,955 per person who achieved transition out of frailty. They conducted a subgroup analysis and reported that in the very frail subgroup, the intervention was both cheaper and more effective than no intervention [28] .
Factors affecting the outcomes
We could not identify any common characteristics in the interventions or participants, which would be responsible for the favorable effects [7, 16, 18, 19, 21, 22, 25, 26, 28, 30] . The mean age of the subjects was 79 years both in studies with positive and negative results. Of the studies reporting decreased functional status of participants, two good-quality trials suggested favorable effects on use of services or QOL [17, 21] whereas one showed increased use of services [29] . The number of home visits ranged from one to 14 in studies with favorable effects, with six of the 10 studies with beneficial effects having four or more home visits [18, 19, 21, 26, 28, 30] . Of all the studies reporting a tailored intervention program [15] [16] [17] [18] 20, 23, 24, 26, 28, 31, 32] , three showed some favorable effects [18, 26, 28] . Most of the interventions were delivered by a nurse. Thus, there was no apparent relationship between the number of home visits, the program being tailored or fixed, or what kind of professional delivered the home visits, and the favorable outcomes.
Discussion
Of all 19 studies included in our systematic review, 10 showed that preventive home visits may decrease nursing home admissions or hospital days, or achieve cost-neutral, favorable effects on older people's functional status, QOL, or mortality. All studies had a high number of participants in the study arms, and most studies were evaluated to have moderate or good methodological quality. However, there was a considerable heterogeneity between the trials in their study methods, reporting, study populations, interventions, and length of follow-up. Therefore, we could not perform a meta-analysis.
Our study is the first systematic review examining primarily the cost-benefits of preventive home visits to older people, as earlier reviews have either focused on the findings of health state and functional status [1] [2] [3] [4] [5] [6] 8] , or had otherwise limited selection of studies [9, 10] . We performed a rigorous systematic review by determining our inclusion criteria prior the selection of studies so that we could comprehensively involve preventive home visit trials reporting the use and/or costs of health and social services. Furthermore, we comprehensively searched databases, and also manually searched reference lists, of articles to find all potential trials. The heterogeneity of the studies is a weakness for this review. The variety in the outcome measures and in the means of reporting made it impossible to perform a meta-analysis.
Furthermore, limited description of interventions across studies restricted exploration of the factors affecting the outcomes, especially the mediators of effective and non-effective interventions. Publication bias might also affect our study, since studies with positive findings may be more commonly published.
The methodological quality of the studies included varied somewhat, but a majority of the trials were evaluated to have adequate quality. It is worth noticing that of the studies included, only four were of poor quality, but all of these studies reported some positive effects [16, 22, 25, 30] , which may mean that these results were biased due to poor study methodology. In the trials with moderate or good methodological quality, the most common methodological problems were inadequate description of dropouts and blinding. Not blinding the assessors and inadequate inclusion of dropouts in analyses may also produce bias towards positive findings.
The early review [5] suggested a more favorable view on the preventive home visits and their efficacy compared to our systematic review. Most of the early studies of preventive home visits did not report use of services or costs. Furthermore, the earliest studies may have been able to show better efficacy than the latest studies, since the health and social services for the comparison arms were not as well-developed in those early times as today. The health care and social services, including prevention, have improved in later years for older people, making it more challenging to show differences between the intervention and control arms. Several of the latest studies, however, also presented efficacy of the preventive home visits on the functioning, QOL, mortality, and use of health and social services [7, 25, 28] .
There are other factors that might also underestimate the true effects of interventions. One study included had relatively low power [31] , which might lead to underestimation of the effectiveness of the intervention in this trial. The intervention and follow-up duration varied greatly between the studies, from three months to a maximum of three years of intervention and ten years of follow-up. A few studies had relatively light intervention [15, 23, 27, 29] , thus probably decreasing the efficacy. However, there were other negative trials with a high number of home visits [20, 32] , as well as some positive trials with a low number of home visits [7, 22, 25] .
None of the studies examining total costs demonstrated that the intervention program would affect the overall health care and social services costs. Due to the different sources of costs included and different ways of calculating the costs and measuring costeffectiveness, comparisons between the studies were impossible to perform. However, several of the studies showed positive effects for the study subjects' functioning, QOL, and mortality. Therefore, if effects on functioning, QOL, or mortality were positive, the programs could be considered to be cost-effective, even if the total costs were similar between the intervention and control arms [7, 18, 19, 21, 22, 26, 28] . In this respect, our findings were in line with some earlier reviews, which reported some programs being efficient in improving certain dimensions of well-being and functionality, and even lowering mortality [1, 3] .
The included trials fail to provide answers regarding whom the preventive home visiting programs should be targeted to and what kind of intervention should be delivered. We could not detect common characters in trials explaining which programs proved cost-effective. Only two studies reported intervention programs that were delivered by multidisciplinary team [27, 28] , and only one included a geriatrician [28] . Due to the lack of such studies, it is impossible to make conclusions of the effectiveness of interventions delivered by a multidisciplinary team based on this systematic review. However, in other contexts among frail older people, this has been the most effective way of delivering preventive strategies [33, 34] . Most trials did not report the intervention program in detail. In addition, many studies reported poorly regarding the extent to which the intervention program was applied according to the original plan. Partial or unsuccessful application of the intervention procedures might diminish the effects of otherwise successful home visiting programs. Moreover, most trials failed to report the compliance of the subjects of the intervention procedures. Low compliance might be a sign of poorly designed intervention protocol, and it will dilute the effects of intervention. These findings stress the importance of extensive but definite reporting of the elements of intervention programs and subject compliance in further studies, to clarify the effective aspects of the interventions. Moreover, in further studies more focus should be given to the interventions delivered by multidisciplinary teams and geriatric expertise.
Conclusions
In conclusion, preventive home visiting programs might yield positive effects on functioning, well-being, and mortality costneutrally. The aspects responsible for efficacy of the programs remain unclear. Since the population of older adults is growing, future research is needed to find effective ways to improve and maintain the health of older persons while keeping costs of the health care and social services reasonable.
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